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EMISSION ABATEMENT DEVICE AND METHOD OF USING SAME 

This application claims priority under 35 U. S. C. §1 19(e) to U. S. 
Provisional Application No. 6 0/407,750 which was filed S eptember 3 , 2003 and i s 
hereby incorporated by reference herein. 

5 

FIELD OF THE DISCLOSURE 

The present disclosure relates to emission abatement devices and 
methods of using the same. 

10 BACKGROUND 

Emission abatement devices are used to treat exhaust gas discharged 
from internal combustion engines to reduce the amount undesirable emissions 
released into the atmosphere. Such undesirable emissions include, for example, 
unburned fuel (i.e., hydrocarbons), carbon monoxide, and NO x . 

15 

SUMMARY 

According to an aspect of the present disclosure, an emission 
abatement device comprises first and second conduits secured to one another at 
upstream and downstream openings for passage of exhaust gas therethrough between 

20 the first and second conduits. An intermediate portion of the first conduit extends 
from the upstream opening to the downstream opening. A 3-way catalyst is 
positioned in the first conduit downstream from the downstream opening. A 
hydrocarbon trap is positioned in the second conduit. A valve is positioned in the 
intermediate portion and is movable between a closed position and an opened 

25 position. In the closed position, the valve is positioned to block passage of exhaust 
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gas through the intermediate portion to force the exhaust gas into the second conduit 
for passage through the hydrocarbon trap to the 3 -way catalyst. In the opened 
position, the valve is positioned to allow passage of exhaust gas through the 
intermediate portion and the hydrocarbon trap to the 3 -way catalyst. 
5 According to another aspect of the present disclosure, a method of 

using an emission abatement device comprises the step of passing exhaust gas from a 
first conduit through an upstream opening into a second conduit and through a 
hydrocarbon trap positioned therein and a downstream opening back into the first 
conduit to a 3-waytrap positioned in the first conduit without passing e xhaust gas 

10 through an intermediate p ortion of the first conduit that extends from the upstream 
opening to the downstream opening to trap hydrocarbons present in the exhaust gas 
by the hydrocarbon trap when a valve positioned in the intermediate portion between 
the upstream opening and the downstream opening is positioned in a closed position. 
In some embodiments, the method further comprises passing exhaust gas through the 

15 intermediate portion to the 3-way catalyst and from the first conduit through the 
upstream opening into the second conduit and through the hydrocarbon trap and the 
downstream opening back into the first conduit to the 3-way catalyst to desorb 
hydrocarbons from the hydrocarbon trap when the valve is positioned in an opened 
position. 

20 According to another aspect of the present disclosure, an emission 

abatement device comprises a housing and a tube positioned in the housing to define 
an outer passageway therebetween. A hydrocarbon trap is positioned in the outer 
passageway. A 3-way catalyst is positioned downstream from the hydrocarbon trap. 
A valve is movable between a closed position to block passage of exhaust gas through 

25 the tube to force the exhaust gas into the outer passageway to pass through the 


Attorney Docket No. 9501-73179 
ArvinMeritor File No. 02MRA0441 

-3- 

hydrocarbon trap to the 3 -way catalyst and an opened position to allow passage of 
exhaust gas into the outer passageway through the hydrocarbon trap to the 3 -way 
catalyst and passage of exhaust gas through the tube to the 3-way catalyst. 

According to another aspect of the present disclosure, a method of 
5 using an emission abatement device comprises passing exhaust gas into an outer 
passageway defined between a housing and a tube positioned therein through a 
hydrocarbon trap positioned in the outer passageway to a 3-way catalyst so as to 
bypass an inner passageway defined by the tube to trap hydrocarbons present in the 
exhaust gas by the hydrocarbon trap. The method may further comprise passing 
10 exhaust gas to the 3-way catalyst through the outer passageway and the hydrocarbon 
trap and through the inner passageway to desorb hydrocarbons from the hydrocarbon 
trap. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 The detailed description particularly refers to the accompanying 

figures in which: 

Fig. 1 shows a sectional view of a first embodiment of an emission 
abatement device; and 

Fig. 2 shows a sectional view of a second embodiment of an emission 
20 abatement device. 

DETAILED DESCRIPTION 

While the concepts of the present disclosure are susceptible to various 
25 modifications and alternative forms, specific exemplary embodiments thereof have 
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been shown by way of example in the drawings and will herein be described in detail. 
It should be understood, however, that there is no intent to limit the disclosure to the 
particular forms disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives following within the spirit and scope of 
5 the invention as defined by the appended claims. 

An emission abatement device 10 shown in Fig. 1 is configured for use 
with an internal combustion engine 12 to reduce discharge of undesirable emissions 
present in exhaust gas generated by the engine 12 into the atmosphere. Such 
undesirable emissions include, for example, hydrocarbons, carbon monoxide, and 

10 NO x . A hydrocarbon trap 14 is used to reduce discharge of hydrocarbons during 
engine start-up and a 3 -way catalyst 16 downstream from the hydrocarbon trap 14 is 
used to reduce discharge of all three emissions. 

The emission abatement device 10 is configured to operate in a 
hydrocarbon trapping mode and a hydrocarbon desorption mode. In the hydrocarbon 

15 trapping mode, the exhaust gas discharged from the engine 12 is routed through the 
hydrocarbon trap 14 and then through the 3 -way catalyst 16 as shown by the solid 
flow arrows in Fig. 1. The hydrocarbon trap 14 traps hydrocarbons present in the 
exhaust gas. The hydrocarbon trapping mode is used for a predetermined period of 
time beginning at start-up of the engine 12. During this "start-up" time period, the 

20 exhaust gas becomes hotter as the engine 12 warms up. The heated exhaust gas heats 
the 3 -way catalyst 16 to its activation temperature so as to enable the 3 -way catalyst 
16 to catalyze, and thus reduce discharge of, hydrocarbons, carbon monoxide, and 
NO x . 

The emission abatement device 10 begins to operate in the 
25 hydrocarbon desorption mode at the end of the predetermined start-up time period. In 
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this mode, the exhaust gas discharged from the engine 12 is divided as shown by the 
phantom flow arrows in Fig. 1. Most of the exhaust gas is routed to the 3-way 
catalyst 16 without passing through the hydrocarbon trap 14 for treatment by the now 
heated and operational 3-way catalyst 16. A small amount of the exhaust gas is 
5 routed through the hydrocarbon trap 14 so as to desorb hydrocarbons trapped by the 
hydrocarbon trap 14 during start-up. This small amount of exhaust gas and the 
desorbed hydrocarbons then pass through the 3-way catalyst 16 for treatment thereby. 

A controller 1 8 is operable to control whether the emission abatement 
device 10 operates in the hydrocarbon trapping mode or the hydrocarbon desorption 

10 mode. To commence operation of the emission abatement device 10 in the 
hydrocarbon trapping mode, the controller 1 8 communicates with a valve actuator 20 
via an electrical line 22 to move a valve 24 (e.g., a butterfly valve) to a closed position 
shown in solid lines in Fig. 1. When the controller 18 determines that the 
predetermined start-up time period has expired, the controller 1 8 communicates with 

1 5 the valve actuator 20 via the electrical line 22 to move the valve to an opened position 
(shown i n p hantom 1 ines i n F ig. 1 ) t hereby c ommencing o peration o f t he e mission 
abatement device 10 in the hydrocarbon desorption mode. 

The valve 24 and the catalyst 16 are positioned in a first conduit 26. 
The hydrocarbon trap 14 is positioned in a second conduit 28. The first and second 

20 conduits 26, 28 are secured to one another at an upstream opening 30 and a 
downstream opening 32. 

In the exemplary embodiment described herein, the first conduit 26 
comprises a first upstream tube 34, a first downstream tube 36, a valve housing 38, 
and a catalyst housing 40. The valve housing 38 is secured to the tubes 34, 36 and 

25 contains the valve 24 so as to position the valve 24 between the upstream opening 30 
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and the downstream opening 32 in an intermediate portion 42 of the first conduit 26. 
The intermediate portion 42 extends from the upstream opening 30 to the downstream 
opening 32 and is defined in the exemplary embodiment of Fig. 1 by the first 
upstream tube 34, the first downstream tube 36, and the valve housing 38. 

The catalyst housing 40 contains the catalyst 16 and a mat mount 44 
that mounts the catalyst 16 in the catalyst housing 40. Illustratively, the catalyst 
housing 40 comprises a pair of end cones 46 and a cylindrical sleeve 48 that extends 
therebetween and surrounds the catalyst 16 and the mat mount 44. The upstream end 
cone 46 is secured to the first downstream tube 36 so that the catalyst 16 is positioned 
downstream from the downstream opening 32. 

In the exemplary embodiment of Fig. 1, the second conduit 28 
comprises a second upstream tube 50, a second downstream tube 52, and a trap 
housing 54 extending therebetween. The first and second upstream tubes 34, 50 are 
secured to one another at the upstream opening 30. The first and second downstream 
tubes 36, 52 are secured to one another at the downstream opening 32. 

The trap housing 54 contains the hydrocarbon trap 14. Illustratively, 
the trap housing 5 4 comprises end cones 5 6 and a cylindrical sleeve 58. T he end 
cones 56 are secured to the respective tubes 50, 52. The cylindrical sleeve 58 is 
secured to and extends between the end cones 56 and surrounds the hydrocarbon trap 
14. 

In operation, the engine 12 supplies exhaust gas to the first upstream 
tube 34 via an exhaust gas line 60. At engine start-up, the controller 18 operates the 
emission abatement device 10 in its hydrocarbon trapping mode by positioning the 
valve 24 in the closed position (as shown in solid lines in Fig. 1). In the solid line 
closed position, the valve 24 blocks exhaust gas from passing through the 
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intermediate portion 42 so as to force the exhaust gas through the upstream opening 
30 into the second conduit 28. The diverted exhaust gas then passes through the 
hydrocarbon trap 14 where hydrocarbons are trapped. The filtered exhaust gas then 
flows through the downstream opening 32 back into the first conduit 26 to flow to and 
5 though the catalyst 16. 

Upon expiration of the predetermined start-up time period, the 
controller 1 8 positions the valve 24 in its opened position (as shown in phantom lines) 
thereby commencing operation of the emission abatement device 10 in its 
hydrocarbon desorption mode. In the opened position, most of the exhaust gas passes 

10 through the first conduit 26 to the now operational catalyst 16 for treatment thereby 
without diverting through the second conduit 28 and the hydrocarbon trap 14. A 
small amount of the exhaust gas diverts through the upstream opening 30 into the 
second conduit so as to pass through the hydrocarbon trap 14 and desorb the 
hydrocarbons trapped therein. This small amount of exhaust gas and the desorbed 

15 hydrocarbons then pass through the downstream opening 32 into the first conduit 26 
and through the catalyst 16 for treatment thereby. 

Another emission abatement device 110 shown in Fig. 2 is configured 
for use with internal combustion engine 112 to reduce discharge of undesirable 
emissions present in exhaust gas generated by the engine 112 into the atmosphere. 

20 Such undesirable emissions include, for example, hydrocarbons, carbon monoxide, 
and NO x . A hydrocarbon trap 1 14 is used to reduce discharge of hydrocarbons during 
engine start-up and a 3 -way catalyst 116 downstream from the hydrocarbon trap 114 
is used to reduce discharge of all three emissions. 

The emission abatement device 110 is configured to operate in a 

25 hydrocarbon trapping mode and a hydrocarbon desorption mode. In the hydrocarbon 
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trapping mode, the exhaust gas discharged from the engine 1 12 is routed through the 
hydrocarbon trap 114 and then through the 3 -way catalyst 116 as shown by the solid 
flow arrows in Fig. 1. The hydrocarbon trap 114 traps hydrocarbons present in the 
exhaust gas. The hydrocarbon trapping mode is used for a predetermined period of 
5 time beginning at start-up of the engine 1 12. During this "start-up" time period, the 
exhaust gas becomes hotter as the engine 112 warms up. The heated exhaust gas 
heats the 3-way catalyst 116 to its activation temperature so as to enable the 3-way 
catalyst 116 to catalyze, and thus reduce discharge of, hydrocarbons, carbon 
monoxide, and NO x . 

10 The emission abatement device 110 begins to operate in the 

hydrocarbon desorption mode at the end of the predetermined start-up time period. In 
this mode, the exhaust gas discharged from the engine 1 12 is divided as shown by the 
phantom flow arrows in Fig. 1. Most of the exhaust gas is routed to the 3-way 
catalyst 116 without passing through the hydrocarbon trap 114 for treatment by the 

15 now heated and operational 3-way catalyst 116. A small amount of the exhaust gas is 
routed through the hydrocarbon trap 114 so as to desorb hydrocarbons trapped by the 
hydrocarbon trap 114 during start-up. This small amount of exhaust gas and the 
desorbed hydrocarbons then pass through the 3-way catalyst 116 for treatment 
thereby. 

20 A controller 1 1 8 is operable to control whether the emission abatement 

device 110 operates in the hydrocarbon trapping mode or the hydrocarbon desorption 
mode. To commence operation of the emission abatement device 10 in the 
hydrocarbon trapping mode, the controller 118 communicates with a valve actuator 
120 via an electrical line 122 to move a valve 124 (e.g., a butterfly valve) to a closed 

25 position (as shown in solid lines in Fig. 1). When the controller 118 determines that 
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the predetermined start-up time period has expired, the controller 118 communicates 
with the valve actuator 120 via the electrical line 122 to move the valve to an opened 
position (as shown in phantom lines in Fig. 1) to commence operation of the emission 
abatement device 1 10 in the hydrocarbon desorption mode. 
5 The emission abatement device 110 comprises a housing 126 to 

contain components of the device 110. Illustratively, the housing 126 comprises an 
inlet cone 128, an outlet cone 130, a first sleeve 132, and a second sleeve 134. The 
first and second sleeves 132, 134 are secured to one another. The first sleeve 132 is 
secured to the inlet cone 128. The second sleeve 134 is secured to the outlet cone 

10 130. In some embodiments of the housing 126, the first and second sleeves 132, 134 
are replaced by a single sleeve. 

A tube 136 is positioned in the housing 126. An annular outer 
passageway 139 is defined by the area between the tube 136 and the housing 126. 
The hydrocarbon trap 114 is also annular so as to fit in the outer passageway 139. 

15 Retainers 140 are used to mount the trap 1 14 in the outer passageway 139. An outer 
inlet opening 141 defined between the housing 126 and the tube 136 is used to admit 
exhaust gas into the outer passageway 139. An outer outlet opening 142 defined 
between the housing 126 and the tube 136 is used to discharge exhaust gas from the 
outer passageway 139 into a chamber 143 defined by the housing 126 between the 

20 trap 1 14 and the catalyst 1 16. 

The tube 136 defines an inner passageway 146. An inner inlet opening 
148 is used to admit exhaust gas into the inner passageway 146. An inner outlet 
opening 150 is used to discharge exhaust gas from the inner passageway 146 into the 
chamber 143. A valve housing 138 containing the valve 124 is secured to the tube 

25 136 at the inner inlet opening 150. 
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The catalyst 1 16 is positioned in the housing 126 downstream from the 
chamber 143. A mat mount 144 is used to mount the catalyst 1 16 is the housing 126. 

In operation, the engine 112 supplies exhaust gas to the inlet cone 128 
via an exhaust gas line 160. At engine start-up, the controller 118 operates the 
5 emission abatement device 110 in its hydrocarbon trapping mode by positioning the 
valve 124 in the closed position. In the closed position, the valve 124 blocks exhaust 
gas from passing through the inner passageway 1 46 so as to force the exhaust gas 
through the outer inlet opening 141 into the outer passageway 139 to pass through the 
hydrocarbon trap 114, the outer outlet opening 142, the chamber 143, and the 3-way 

10 catalyst 1 16 so as to bypass the inlet passageway 146. The hydrocarbon trap 14 traps 
hydrocarbons therein as the exhaust gas passes therethrough. 

Upon expiration of the predetermined start-up time period, the 
controller 118 positions the valve 124 in the opened position to commence operation 
of the emission abatement device 110 in its hydrocarbon desorption mode. In this 

15 mode, most of the exhaust gas passes through the valve housing 138, the inner inlet 
opening 148, the inner p assageway 146, the inner outlet opening 150, the chamber 
143, and the now operational catalyst 116 without diverting through the outer 
passageway 139 and the hydrocarbon trap 114. A small amount of the exhaust gas 
diverts through the outer inlet opening 141 into the outer passageway 139 so as to 

20 pass through the hydrocarbon trap 114 to desorb the hydrocarbons trapped therein. 
This small amount of exhaust gas and the desorbed hydrocarbons then pass through 
the outer outlet opening into the chamber 143 and through the catalyst 116 for 
treatment thereby. 

While the disclosure has been illustrated and described in detail in the 

25 drawings and foregoing description, such an illustration and description is to be 
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considered as exemplary and not restrictive in character, it being understood that only 
illustrative embodiments have been shown and described and that all changes and 
modifications that come within the spirit of the disclosure are desired to be protected. 

There are a plurality of advantages of the present disclosure arising 
5 from the various features of the apparatus and methods described herein. It will be 
noted that alternative embodiments of the present disclosure may not include all of the 
features described yet still benefit from at least some of the advantages of such 
features. Those of ordinary skill in the art may readily devise their own 
implementations that incorporate one or more of the features of the present disclosure 
10 and fall within the spirit and scope of the present invention as defined by the 
appended claims. 


